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Value engineering has become an increasingly utilized method for reducing out-turn costs on
large complex engineering projects. In particular it has been used in offshore oil platform
construction contracts to lower construction costs and provide viability to otherwise marginal
oilfields. The process has recently been adopted on various civil engineering construction
projects where, in certain cases it has led to significant cost savings compared to the client’s
original estimates. The CERN ST/CE group is currently in the process of applying value-
engineering techniques to one of the four large LHC civil engineering contracts with the aim
of reducing the overall cost to CERN. This paper discusses some of the basic principles of
value engineering and in particular the contractual framework in which it is set. Several
examples from the LHC civil engineering contract T054 are used to demonstrate the potential
benefits of the method.
21 INTRODUCTION
Value engineering is the terminology taken from the more global discipline of value management.
Value management is a term applied to a system of management that is intended to be very client
focused, concentrating on determining and satisfying the need of the client such that the client obtains
or feels he is obtaining value. Value engineering is specifically a method that has been developed over
recent years in the construction industry in order carry out engineering activities (design, procurement
and construction) in such a way as to provide clients with lower overall out-turn costs than could be
achieved using traditional engineering and procurement methods. European experience of value
engineering has been focused on the offshore oil industry where the slump in oil prices left marginal
fields unable to be developed at a profit using traditional design and procurement methods. Value
engineering methods, coupled with target cost contracts or partnering contracts were therefore used to
drive down construction and implementation costs in order to enable profitable exploitation. The
success of this technique has led it to spill over into conventional civil engineering projects where the
method has generally been regarded as beneficial to all parties in that costs to the client have been
lower than expected whilst contractors profits have been enhanced
Traditional civil engineering procurement are based on the sequential operations shown below:
ESTABLISH CLIENT REQUIREMENTS (with or without external consultants)
PRODUCE BIDDING DOCUMENTS (drawings, specifications, etc.)
CARRY OUT COMPETIVE BID WITH SEVERAL BIDDERS
AWARD CONTRACT TO LOWEST BIDDER (conforming to bid documents)
This method of procurement has the particular advantage that the selection criteria are easily
measurable in that under normal circumstances the lowest bidder will be awarded the final
construction contract. This method has prevailed in governmental and international organizations
where 'transparency' and 'fairness' are regarded of utmost priority. Indeed in many organizations such
as CERN, the World Bank, and other financial institutions it is obligatory to place contracts with the
lowest bid that conforms to the client's requirements. There is little, if any possibility to follow
alternative procurement procedures since the procedures are fundamental to the workings of the
organization. In the private sector, where companies are less restrained in their procurement methods
and they are free to follow any procurement processes as they see fit, many alternative methods have
been developed over the years including those that include some form of value engineering.
Where value engineering is carried out, the client works together with both the design firm
(normally a firm of consulting engineers) and the contractor in order to drive down costs without
compromising the client's requirements. Indeed in many cases the value engineering process has led
not only to lower client costs but also an enhancement of the final product.  Normally a client will set
up a dedicated team to carry out the value engineering process with members of the Client's,
designer's and contractor's staff.
Prior to the establishment of the value engineering team, it is important that the outcome of the
revised designs can be measured in order to establish the added value.
3In this way the cost benefits to the project resulting from the value engineering can be
established and the benefits shared amongst the parties as determined in the contract. This cost, which
will include allowances for certain risks, is termed the target cost or baseline cost. The establishment
of this cost is a key area in the value engineering process and one that can take the most time to agree
between the parties.
2 ESTABLISHMENT OF THE BASELINE COST
The baseline cost is the agreed most likely out-turn cost of the project based on the client’s
requirements as known at the time of establishing the cost. In the case of the projects where the value
engineering is carried out prior to start of construction, the baseline cost may be an estimate only but
will nevertheless be the cost against which the final cost will be measured. In this case the target or
baseline cost is normally a sum that the contractor believes is achievable and the client believes is
affordable. This baseline cost will not only contain the material cost of the construction, but will also
include sums for probable risks such as bad weather, changes in legislation, unforeseen ground
conditions, etc.
In the case of a project already underway using traditional procurement methods, the
establishment of the baseline cost can be based on the contract bill of quantities. If necessary these
bill items can be broken down into their component parts (material, labour, plant, on-site overheads,
off-site overheads and profit).
In the case where the project has evolved significantly from the project at time of tender, it will
be necessary to recalculate the cost from first principles based on the broken down bill of quantities in
effect enabling the contractor to revise his cost estimate to take account of the new client
requirements. It is important that the breakdown of the original bill rates and the recosting of the
revised project are carefully checked in order to ensure that the baseline cost is actually based on the
original contract prices and that the contractor has not manipulated the figures to his own advantage.
3 CONTRACTUAL ISSUES
The baseline cost, whilst of prime importance, is not the only issue to be resolved prior to
implementation of a value engineering exercise. Important contractual issues also need to be
addressed such as risk allocation, methods of payment, changes to scope of work, liquidated damages,
etc. Some of the more important of these issues are discussed below.
3.1 Payment
In a standard civil engineering contract the contractor is paid according to the quantity of permanent
works completed plus some preliminary and general items such as establishment of the worksite,
insurances, major plant items, etc. The monthly payments are made by the Client following
measurement of the work carried out by the client’s representative on the site.
In a target cost situation where value engineering is being carried out, it is likely that that
methods of working, planning, and even the design of structures will be modified, rendering the
contract unit rates inapplicable. In this case, payments to the contractor can be made 'at cost' in which
case open book accounting needs to be implemented. Alternatively, a schedule of rates for plant,
labour, and material could be used based on the original bill rates.
3.2 Changes to scope of work
In a standard contract, even minor changes made by the client to the scope of work will lead to claims
by the contractor for additional payment and extensions of time. In the situation where a target cost is
established and value engineering is being carried out, one of the main purposes is to avoid
confrontation and conflict. Since the contractor will normally obtain a share of any cost saving when
compared to the baseline cost, there is less reason for him to increase costs to the client unnecessarily.
However, if major changes are made to the scope of works then a revision of the baseline cost may be
required. In order to avoid constant changes to the baseline cost, additional contract clauses can be
used to impose a lower limit below which the contractor cannot request an increase to the baseline
cost and conversely a limit on when the client can request a reduction in the baseline cost.
43.3 Liquidated damages
In a standard civil engineering contract, liquidated damages are used to incentivize the contractor to
ensure the works are completed on time. In a target cost with value engineering situation, the
incentive to complete the works quickly is built into the contract via the cost save sharing. As such
there is little point in including liquidated damages in the contract. In the case where they are already
included, they could be removed and the baseline cost lowered to reflect the lower financial risk to the
contractor.
4 THE VALUE ENGINEERING WORKSHOP
Once the baseline cost has been determined and a mechanism by which cost savings or overruns will
be split between the parties, a value-engineering workshop will normally be set up. The members of
such a workshop would typically consist of representatives of the client, the clients engineering
consultant and the contractor. Since important decisions need to be made during the workshop, it is
important that a sufficient number of 'decision makers' are present. Another important aspect of the
workshop is that amongst the members are people who have little or no knowlege of the project in
order that a fresh view can be made. A 'facilitator' who would have the relevant training and
experience to coordinate and manage the participants would normally run the workshop. This
workshop will look critically at several areas and in particular it will:
- analyse the Client's needs,
- review the current engineering solutions,
- analyse the feasibility and cost of alternative solutions,
- propose alternative engineering solutions.
The importance of the first two steps cannot be overemphasized. It is only through a thorough
analysis and understanding of the client's needs that any useful benefit can arise from the workshop. It
is important therefore that the client’s representatives at the workshop are fully aware of their
organization's needs and are quickly able to respond to any alternative solutions coming out of the
workshop.
Typically a workshop should take only one or two days to carry out. The workshop would
normally conclude with several recommendations for detailed study and implementation in areas
where the members of the workshop consider that significant cost reductions could be obtained. These
recommendations would then be worked up into detailed designs, which would be implemented by
the contractor. Since all parties are involved in the workshop, they are all committed to the successful
implementation of the recommendations made by the workshop.
5 CERN CONTRACT TO54/ST/LHC
5.1 Introduction
The possibility of using value engineering on the LHC civil engineering contract TO54/ST/LHC is
currently being investigated by ST–CE in conjunction with the CERN purchasing and legal services.
The proposal is only for underground structures since these are the most likely to benefit from a value
engineering exercise. Since the contract had  already been in place for 18 months before the
possibility of value engineering was considered, there have arisen several important obstacles to the
introduction of the value engineering process. These obstacles are discussed below.
5.2 Reasons for value engineering
The reason CERN is considering the introduction of value engineering into this contract is that since
the launch of the call for tender there have been a considerable number of changes to both the scope
of work and more importantly the planning. These changes have resulted in the issue of many
variations by CERN and the issue of many claims for extra money and extensions of time by the
contractor. The original contract unit prices put forward by the contractor have to a great extent
become inapplicable since the basis on which they were calculated no longer exists.
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constructing the structures that CERN requires or that the structures could be modified in order to
make them easier and thus cheaper to construct. A value engineering exercise therefore seemed the
logical way forward in order to involve all parties in looking at ways of meeting CERN’s needs in the
most economical way possible.
5.3 Obstacles to the value engineering process
In order that a Value engineering Workshop can take place and the overall project cost minimized,
several important obstacles needed to be overcome. The first obstacle was to establish exactly the
CERN requirements in terms of structures and planning. CERN therefore provided the contractor with
all the latest planning requirements based on the official LHC schedule. The contractor proceeded to
produce a new planning for the civil engineering based on the construction drawings and the official
CERN planning and installation schedule for the LHC. In order to produce the revised construction
planning termed the 'Baseline Planning' the Contractor used the same assumptions for production
rates and resources as he had done at the time of tender.
Once this planning had been checked and approved by CERN and the consultant, the contractor
proceeded to the second stage, which was to produce a detailed cost breakdown of the new planning.
From this, the baseline cost was obtained. This process took around two months to complete since it
involved breaking down and analysing all the contract bill of quantity rates and then using them to
build up a new cost for the revised programme. The new cost was thoroughly checked by the
consultant and several iterations were required before final agreement was reached.
5.4 Contract modifications
Since the baseline cost was agreed in December 1999, CERN has conducted several meetings with the
contractor in order to discuss several important issues such as the basis of payment, the sharing of any
cost savings and, most difficult, the establishment of the agreed costs should the final cost in fact
exceed the agreed baseline cost. The main difficulty with all these items is that it is necessary to
maintain as far as possible the original contract between CERN and the contractor since this was
approved by the CERN Finance Committee. By changing to a target price contract and carrying out
the value engineering exercise, CERN is likely to benefit from a lower overall cost than if the existing
contract is followed. It must be realised that there is also a risk to CERN in that the contractor will be
paid at cost for the resources he uses and if, for some unforeseeable reason the resources required are
much greater than calculated, then the cost to CERN could be greater than currently estimated.
5.5 Current status
At the present time, CERN has agreed the baseline planning and the baseline cost with the contractor.
However, there are still several outstanding contractual issues, in particular the scenario of the total
cost exceeding the baseline cost. It is hoped that if these problems can be resolved in the very near
future, a Value Engineering Workshop can be held in order that all the parties involved in the contract
can work together to lower the overall project cost to CERN. At the same time it will allow the
contractor to make a reasonable profit without recourse to adjudication or arbitration, this being
another advantage in itself of the process.
6 CONCLUSIONS
The process of value engineering is being seriously investigated as a way of lowering overall project
costs to CERN. The process requires fundamental changes to certain contract mechanisms such as
payments, penalties, and variations. The major benefits foreseen are that the process enables the client
to work in close collaboration with the contractor and the contractor has an incentive to lower the
project cost rather than increase it as with traditional contract mechanisms. There are several
obstacles still to overcome, but it is hoped that the method will enable the LHC civil engineering
contract T054 to be completed on time and at a lower cost than currently estimated with the existing
'standard' contract.
